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Description 

The present invention concerns a method of 
layer sputtering on substrates with particles sput- 
tered from an electrode surface during glow dis- 
charge in a gas or gas mixture under reduced 
pressure held in a vacuum chamber containing 
said substrates, a closed tunnel of magnetic field 
lines being formed above said electrode, said 
chamber including means for defining a plasma 
holding space with the aid of a magnetic field, the 
holding space being bounded by means for for- 
ming multipolar magnetic field lines, the vacuum 
chamber walls being arranged outside the holding 
space and separated from the holding space by 
said magnetic field lines. 

Furthermore the invention concerns a device 
for carrying out layer sputtering onto substrates in 
a vacuum, said device including a vacuum cham- 
ber (1) in which a sputtering source electrode (37) 
and a substrate holder (4) are placed, the vacuum 
chamber having a wall with a working gas inlet and 
a vacuum pumping outlet, and an externally lo- 
cated voltage source coupled to the electrode, and 
a plurality of magnetic field sources (10) is ar- 
ranged to produce a multipolar magnetic field 
which forms a plasma containing holding space. 

Coating thin layers by cathode sputtering is a 
well-known process. Usually, cathode sputtering is 
preferred over other methods of coating layers, 
such as vacuum evaporation, in that cathode sput- 
tering offers high reproducibility, layer coating in 
arbitrary directions, such as from top to bottom, 
and allows mixture and alloy compositions from a 
sputtered cathode to be transformed into layer 
form, etc. However, classic diode sputtering is in- 
efficient and time consuming, due to the high gas 
pressures necessary for maintaining a glow dis- 
charge. Consequently, methods and means utiliz- 
ing a magnetic field for reduction of working pres- 
sure during sputtering have been proposed. These 
systems are based on U.S. Patent No. 2,146,025 
issued to Penning (1939). Another solution was 
proposed in U.S. Patent No. 3,616,450 issued to P. 
Clarke (1971). In accordance with that patent, the 
path of electrons in a sputtering device is elon- 
gated by a cylindrical hollow anode placed in an 
axial magnetic field and by a sputtering cathode 
formed in the shape of a hollow cylinder, accom- 
modated coaxially with the anode, outside the mag- 
netic field. However, a more successful solution 
was magnetron discharge in accordance with U.S. 
patents No. 3,878,085 issued to J. Corboni (1975) 
and No. 4,166,018 issued to J.S. Chapin (1979). In 
accordance with those patents, a closed tunnel of 
magnetic field lines of force is formed, the path of 
electrons in this tunnel is elongated, ionization is 
increased, and sputtering is accelerated. See also, 



J.L Vossen and W. Kern, Thin Film Processes , pp. 
76-140 (Academic Press, New York, 1978). 

In practice, it is sometimes necessary during 
layer sputtering that when material is condensing 

s on the substrate, at the same time the substrate 
must also be bombarded with charged particles of 
suitable energy, such as positive ions. This method 
of coating is called ion plating. Before being used 
with sputtering, ion plating was used with vacuum 

ro evaporation. An example is evaporating wrth an 
electronic beam in accordance with U.S. patent No. 
4,197.175 issued to Noll et a!. (1980). Ion plating 
during magnetron sputtering is well-known from 
U.S. patent No. 4,116,791 issued to Bizega (1978). 

75 A substrate is placed on an electrode which is 
supplied with a negative voltage relative to the 
vacuum chamber, while a magnetron cathode is 
placed opposite the substrate and is also supplied 
with a negative voltage relative to the vacuum 

20 chamber. The biased electrode with substrates 
thereon attracts ions from the magnetron dis- 
charge, and thus ion plating occurs. In accordance 
with U.S. patent No. 4.426,267 issued to W. MUnz 
et al. (1984). a method and device for coating 

25 three-dimensional bodies are provided. In accor- 
dance with that method, bodies intended for coat- 
ing move between two magnetron cathodes having 
a common glow discharge, in the space between 
them. It is possible to supply the substrates with 

30 negative bias for ion plating. 

One drawback of the above-mentioned meth- 
ods of ion plating during magnetron sputtering is 
that the ionization current extracted by the biased 
substrates quickly drops as the distance between 

35 the substrate and the magnetron cathode in- 
creases. Typically, when the distance between the 
substrate and the cathode is 20 to 50 mm, the 
ionization current is too low for successful ion plat- 
ing. Furthermore, the plasma between the pair of 

40 cathodes cannot he sustained if the cathodes are 
separated by large distances, thus making it im- 
possible to use the above-mentioned methods for 
ion plating remote or large objects. It is possible to 
increase the plasma density at greater distances 

45 from a magnetron cathode however. One way to do 
this is by means of arc discharge in a hollow 
cathode, from which electrons are extracted for 
plasma ionization. This system is disclosed in U.S. 
patent No. 4,588,490 to J. J. Cuomo (1986). How- 

50 ever, such a solution is complicated and expensive. 
A certain increase of the charged particles* 
current on substrates is observed with a planar 
magnetron of the "unbalanced" type; see B. Win- 
dow and N. Sawides. J. Vac. Sci. Technol. , 

55 A4:1 96-202 (1986). In this type of magnetron, some 
magnetic field force lines which radiate from the 
periphery of the sputtered cathode approach each 
other and at greater distances recede from each 
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other. Substrates placed in a magnetic field above 
the cathode are subjected to a greater bombard- 
ment by charged particles than with the classic 
"balanced" magnetron. 

It is possible to attain higher ionization currents 
on substrates than is possible with unbalanced 
magnetrons by application of a double-sided dis- 
charge in accordance with Czechoslovakia^ au- 
thor's certificate No. PV 8659-88 of S. Kadlec. J. 
Musil and W.D. MQnz. In this device, there is 
formed an intense magnetic field between the cath- 
ode and the substrates, and the discharge between 
the cathode, substrate and anode is maintained by 
processes on the cathode and on the substrates. 
High induction of the magnetic field concentrated in 
the space between the cathode and substrates 
guarantees maintenance of a dense plasma and 
guarantees that the density of ionization current 
flowing on the substrates does not drop with in- 
creasing cathode distances up to about 200 mm. 

A drawback of unbalanced magnetron and dou- 
ble-sided discharge is that the plasma and density 
of ionization current on the substrates are not suffi- 
ciently homogenous across the magnetic field's 
lines of force. In addition, substrates are inevitably 
placed directly in the magnetic field and this field 
is therefore affected by the magnetic properties of 
substrates. Consequently, it is practically impos- 
sible to use the same device for both weak mag- 
netic and -ferromagnetic substrates. 

It is well known from plasma physics that a 
relatively dense and homogenous plasma can be 
maintained using a multipolar magnetic field. See, 
for example, R. Limpaecher and K.R. Mac Kennzie, 
Rev. Sci. Instrum. , 44:726 (1973). Plasma is gen- 
erated in such a system by emission of electrons 
from glowing cathodes and at the same time the 
plasma is maintained by a multipolar magnetic field 
formed by permanent magnets placed around the 
whole chamber oriented with alternating polarity. 
The purpose is to produce a steady plasma with 
high spatial homogeneity in the central part thereof 
where the magnetic field is very low. 

Besides plasma generation by emission of 
electrons there is a well-known method of plasma 
generation by absorption of microwaves to de- 
compose gases such as SF 6 , and use of the de- 
composition products to etch substrates. French 
patents Nos. 25-47-961 and 26-47-962 (1984) and 
No. 25-83-250 (1986) issued to Y. Arnal, J. Pel- 
letier. C. Pomot and M. Pichot disclose methods 
and devices which teach how to combine such a 
microwave-generated discharge and multipolar 
containment, or "holding" to provide a more homo- 
genous and denser plasma, so as to increase the 
homogeneity of the plasma-produced reactive gas, 
and provide a more homogenous generation of 
radicals and therefore an increase of etching ho- 



mogeneity and anisotropy, as stated in the work of 
Y. Amal, et al., Appl. Phys. Lett. , 45:132 (1984). 
However the purpose of multipolar holding as used 
in the above-mentioned cases is different than for 
5 maintaining plasma for ion plating during sputter 
deposition, where a direct-current glow discharge 
occurs between anode and sputtered cathode. 

In the European Patent Application EP-A-0 275 
021 there is described a sputtering process and 

10 apparatus for carrying out the same for forming a 
film over the surface of a substrate. A target 
formed of the film forming material is held on a 
sputtering electrode, the substrate being disposed 
at a predetermined distance and opposite to the 

75 target. A cusp magnetic field is produced between 
the sputtering electrode and the substrate elec- 
trode to generate a high-density plasma on the 
surface of the sputtering electrode. By that the 
plasma is confined on the target 

20 In the Journal of applied physics vol. 63, no. 6. 

15 March 1988, New York, US pages 1899-1903; 
A.D. Kupyers et al.: "A magnetic muftipole reactor 
for high-flux reactive-ion etching w there is de- 
scribed a magnetic multipole reactor for high-flux 

25 reactive-ion etching. This reactor consists of two 
coaxial cylinders. By applying a voltage to these 
cylinders a radial electric field is achieved. For 
confining the charged particles in a plasma respec- 
tively for preventing the electrons from moving 

do directly to the electrodes, a local magnetic field, 
parallel and close to the plasma boundary is pro- 
vided, which will reflect charged particles moving 
outwards. Such fields can be generated by placing 
permanent magnets with their north and south 

35 poles in alternating order along the discharge con- 
fining walls. 

According to the mentioned document said re- 
actor can also be used for sputtering of SiCV 

It is an object of the invention to improve a 

40 method respectively a device of the above-men- 
tioned kind in that way, that density and homo- 
geneity of ionisation and electron current on sub- 
strates is increased. 

A method according to the invention solves this 

45 problem in the way that the substrates are ar- 
ranged within the holding space, the electrode 
forms a cathode above which a closed tunnel of 
magnetron-type magnetic field lines is formed, said 
magnetic field lines separate the holding space 

so from an anode being arranged outside the holding 
space, a plurality of cathodes is arranged around 
the holding space, having sputtering surfaces with 
a closed tunnel of magnetron-type magnetic field 
lines above, each closed tunnel forming part of and 

as being connected with the magnetic field bounding 
the holding space, the direction of the magnetic 
field alternates along the boundary of the holding 
space from positive polarity to negative polarity 
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and vice versa, moving from the edge of the hold- 
ing space to the centre, the magnetic field intensity 
drops, and the interaction of the magnetic field and 
the plasma during the glow discharge between the 
cathodes and the anode causing the plasma to be 
held within the holding space so that the substrates 
and layers growing thereon are bombarded by par- 
ticles in the plasma. 

By a device according to the invention the 
above problem is solved in the way that the hold- 
ing space contains the substrates, the electrode 
forms a cathode above which a closed tunnel of 
magnetron-type magnetic field lines is formed, an 
anode is arranged outside the holding space and 
separated from the holding space by said magnetic 
field lines, a plurality of cathodes is arranged ar- 
ound the holding space, having sputtering surfaces 
with magnetic field sources located behind those 
surfaces, the magnetic field sources producing a 
closed tunnel of magnetron-type magnetic field 
lines above the surfaces, each closed tunnel of 
magnetron-type magnetic filed lines forming part of 
the magnetic field bounding the holding space. 

There are several ways to vary the degree to 
which the plasma is held in the holding space: by 
changing the intensity and/or the form of the hold- 
ing multipolar magnetic field with respect to the 
anode, the chamber walls, and/or the cathode. 
These variations change the plasma's density ar- 
ound the substrates and change the energy of the 
plasma's charged particles. Variation can also be 
effected by varying the polarity and voltage inten- 
sity between the anode and an auxiliary electrode 
placed in the holding space. There are also several 
ways to control bombardment of substrates by 
charged particles: by controlling the potential of the 
surface of the substrates or of layers growing on 
the substrates relative to the anode, or by allowing 
the potential of the substrates or growing layers to 
float Due to the difference between the plasma 
potential and the floating potential, the substrates 
or layers are bombarded by charged particles, the 
energy and density of which is controlled by the 
plasma's holding degree, gas pressure and sputter- 
ing discharge output 

A device for carrying out the above-mentioned 
method comprises a vacuum chamber, in which 
the cathode of the sputtering source is accom- 
modated, a substrate holder and an anode. In the 
wall of the vacuum chamber there are means for 
supply of working gas and for pumping out used 
gasses. Outside the vacuum chamber, there is a 
direct-current or high-frequency voltage source, 
connected between cathode and anode, and mag- 
netic field sources. The substance of the invention 
is that sources of the magnetic field for forming 
and maintaining the multipolar magnetic field are 
placed around the whole holding space containing 



substrates so that groups of magnetic field sources 
which have like poles in one direction alternate with 
adjacent groups of magnetic field sources which 
have like poles in the opposite direction. The sour- 

5 ces of the magnetic field may be placed in one or 
more locations inside the chamber, in the chamber 
wall, outside the chamber, or behind the cathode 
and groups of sources placed behind the cathode 
are arranged in concentric closed curves for for- 

w ming at least one closed tunnel of magnetic lines 
of force above the cathode's surface. 

The substrate holder and the anode are elec- 
trically connected either by a direct current or high- 
frequency voltage source, U E , or by a variable 

rs resistor, R, which is selectable from zero resistance 
to infinite resistance. In order to enable changing of 
the anode's position with regard to the magnetic 
field, the device is equipped with a sliding anode 
extension piece made of conductive material, elec- 

20 trically connected with the anode. It is also possible 
to change the plasma's holding degree so that at 
least one auxiliary electrode is accommodated in 
the holding space and outside the chamber is 
accommodated a direct-current voltage source 

25 U E ,w'rth one pole connected to the auxiliary elec- 
trode and with the other pole connected to the 
anode. 

The present invention teaches the creation of 
dense and homogenous plasmas on substrates 

30 during layer sputtering. It is also possible to attain 
ion plated layers on substrates, positioned at var- 
ious distances from the cathode, usually 30 to 500 
mm. Densities of ionic current on the substrates 
usually attain values of 0.1 to 10 mA/cm 2 with 

35 current density on the cathode of 2 to 50 mA/cm 2 
obtainable even with a cathode-substrate separa- 
tion of 200 mm or more. At the same time, it is 
possible to attain such a plasma spatial homogene- 
ity that ionization current is constant within a toler- 

40 ance ±10% with a typical length of 100 to 200 mm, 
i.e. distance from cathode of from 100 to 250 mm. 
Such a homogenous ionic bombardment enables 
the formation of layers such that layers have the 
desired properties over the entire surface of the 

45 substrate even when the substrate is a three-di- 
mensional body. For example, it is possible to form 
compact titanium nitride layers having microhard- 
nesses from 2,000 kg/mm 2 to 2,600 kg/mm 2 , where 
texture, stress, etc., can be controlled by varying 

so the bias level on the substrates, typically from -20 
to -150 V. It is possible to create compact titanium 
nitride layers without an external substrate bias 
source, by regulating the plasma's holding degree 
to create a floating potential of, for example, -20 to 

55 -45 V. In such a way it is possible to control layer 
texture from (200) to (111), while stress in these 
layers is low, from 2 to 3 GPa. One advantage of 
the method and device is that they allow for a wide 
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range of operating pressures, especially at low 
pressures down to 2x1 0" 2 Pa. 

A further advantage is the possibility of coating 
non-conductive layers by means of direct-current 
sputtering or coating layers on non-conductive sub- 
strates with the use of floating substrate potential. 
The device's primary advantage is that substrates 
are placed in the space where the magnetic field is 
weak and therefore it is possible to coat both 
magnetic and non-magnetic substrates using the 
same device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a longitudinal sectional view taken 
along lines A-A of Fig. 1B illustrating a first 
embodiment of a sputtering device; 
Fig. 1 B is a sectional view taken along lines B-B 
of Fig. 1A; 

Fig. 2 is a longitudinal sectional view similar to 
Fig. 1A illustrating an alternative embodiment 
having a rectangular cathode and an anode ex- 
tension piece; 

Figs. 3A and 3B are views similar to Figs 1A 
and 1 B illustrating an embodiment of the inven- 
tion having four cathodes and auxiliary elec- 
trodes; 

Figs. 4A-4C are graphs showing certain operat- 
ing characteristics of the invention; and 
Fig. 5 is a graph of ionization current and float- 
ing potential vs. overall pressure. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 schematically represents a device 
equipped with two electromagnets behind a circular 
cathode. The device consists of chamber 1, which 
is a vacuum chamber made of a magnetically soft 
metal and is cylindrical in shape, with its axis 
oriented horizontally. Chamber 1 also serves as 
anode 3. Chamber 1 is equipped with inlet 8 which 
provides working gas and pumping outlet 9. Flush 
with one vertical wall of chamber 1 and coaxial with 
it is a flat circular cathode 2 made of titanium. 
Circular holder 4 of substrates 5 is fastened coaxial 
to chamber 1 and opposite cathode 2; holder 4 is 
adjustably fastened such that the distance between 
holder 4 and cathode 2 can be varied from 30 to 
300 mm. Source 6 of cathode voltage U K and 
source 7 of substrates voltage Us are placed out- 
side chamber 1. Source 6 of voltage U K is a source 
of direct-current voltage from zero to 1,000 V and 
is connected with its negative pole to cathode 2 
and its positive pole to chamber 1. Source 7 of 
direct-current voltage U s . variable from zero to 
1,000 V, is connected with its negative pole to 
conductive holder 4 and its positive pole to cham- 



ber 1. Sources of the multipolar magnetic holding 
field are, in part, permanent magnets 10, 11, 12, 
and, in part, two electromagnets 15, 17. 

As seen in Fig. 1A, permanent magnets 10, 11 
s are accommodated and fastened on the inner sur- 
face of chamber 1 in groups 22, 23 which form an 
even number of rows, eight are shown in Fig. 1A, 
parallel with the device's axis. All the magnets in a 
given group have congruent orientations and have 

to radial directions. The magnets of adjacent groups 
22. 23 have opposite polarity orientations. For this 
purpose, magnets 11 closer to cathode 2 are dou- 
bled in one orientation. Permanent magnets 12 are 
further accommodated on the chamber's inside 

rs vertical wall behind the substrates and their poles 
are oriented parallel with the device's axis and their 
field is connected with the fields of magnets in 
groups 22, 23 on the inner surface of chamber 1 . 
The device is further equipped with two elec- 

20 tromagnets for forming a holding magnetic field. 
The first electromagnet consists of coil 15, con- 
nected across current source h, placed behind 
cathode 1 and coaxially with it, and of core 16 
made of soft steel, which is inserted into the central 

25 cavity of the first coil 15. The second electromag- 
net consists of the second coil 17, connected 
across current source fe. which is placed behind 
cathode 1 and coaxially with it around the first coil 
15. Hollow core 18, made of soft steel in the shape 

30 of a cylindrical annulus, fills the space between the 
first and the second coil and is connected across 
plate 19, made of soft steel, with core 16. The 
whole assembly of cathode 2, the first and the 
second coil 15 and 17 and magnetic circuit 16, 18, 

35 19 are attached across packing and insulating ring 
21 by aid of flange 20 on the edge of the circular 
cut-out in the vertical wall of chamber 1 . For clarity, 
several components are not shown, such as: the 
sources of currents h and fe, the gas filling and 

40 pumping systems, packing, insulation, vacuum 
gauges, means for cooling the cathode, chamber 
and substrates, and means for heating the sub- 
strates. If the process of layer sputtering requires 
it, the device can also include a movable shutter 

45 between the cathode and substrates. 

The device functions as follows: Chamber 1 is 
filled through intet 8 with a working gas or gas 
mixture, such as a mixture of argon and nitrogen, 
to a required overall pressure, pj. A glow discharge 

so is then ignited between cathode 2 and chamber 1 , 
which also serves as anode 3. This discharge is 
conditional and is influenced by the multipolar 
magnetic holding field lines of force 13, 14 which 
enclose the holding space where substrates 5 and 

55 holder 4 are accommodated. The lines of force of 
the multipolar field on the boundary of the holding 
space change direction at various locations owing 
to the alternating polarities of magnet groups 22, 
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23. Therefore, moving from the edge of the holding 
space, to the center, the magnetic field intensity 
drops quickly. This field pattern applies magnetic 
pressure to the plasma from the edges toward the 
center of the holding space, thereby confining a 
dense plasma. 

Magnetic induction on the boundary of the 
holding space is usually 10 mT to 50 mT or even 
more; in the middle region containing the sub- 
strates, it usually ranges from zero to 2 mT. For 
perfect plasma holding, it is necessary that from 
the middle region of the holding space to the 
anode no channel runs with a lower than minimum 
magnitude of magnetic induction, which is usually 
from 1 to 10 mT. If such a channel exists, holding 
is only partial and the density of the plasma is 
reduced. Also, the discharge stability may be re- 
duced as further described in conjunction with Fig. 
4. 

A part of the multipolar magnetic holding field 
is the magnetic field above cathode 2, formed by 
coils 15 and 16 and magnetic circuit 16, 18, 19, 
placed behind cathode 2. Current li of coil 15 
forms a closed tunnel of lines of force 14 above the 
cathode and current k of second coil 17 forms a 
magnetic field, with lines of force emerging from 
the edge of cathode 2 and connecting with lines of 
force formed by permanent magnets 11 . It is possi- 
ble to change the shape and intensity of the mag- 
netic field formed by coils 15 and 17 by changing 
the polarity and magnitude of currents h and b, 
thereby affecting the plasma's holding, as seen 
from Fig. 4. 

Therefore, a dense plasma results from inter- 
action of the glow discharge between cathode 2 
and anode 3 with the multipolar magnetic holding 
field and is maintained in the holding space. Par- 
ticles from this plasma, especially electrons and 
positive ions, impinge on the substrates and can 
affect the properties of growing layers. If the sub- 
strates are electrically conductive, it is possible to 
apply a voltage Us from source 7 to them and 
thereby change the kind and energy of bombarding 
particles, and also change further conditions of the 
layers' growth. A voltage U s from -20 to -100 V is 
usually sufficient during layer deposition to achieve 
such effects. In the case of a higher voltage U s . 
usually from at least -200 to -1 ,000 V, it is possible 
to attain ionic etching of substrates 5. 

It is also possible to affect properties of layers 
by changing the distance between the cathode and 
the substrates. It was found that in a device in 
accordance with Fig. 1 that during titanium sputter- 
ing in argon with pressure pr = 0.1 Pa and with 
constant cathode discharge, the ionization current 
l s flowing onto substrates with a bias of U s = -100 
V varied only ±10% from its mean value, over 
cathode-substrate separations ranging from 80 to 



220 mm. It is an important advantage of the 
present method and device, confirming high ho- 
mogeneity of plasma in the holding space, and can 
be utilized lor affecting properties of layers. 

5 Fig. 2 schematically represents a device 

equipped with one rectangular cathode and an an- 
ode extension piece. Vacuum chamber 1 , equipped 
with inlet 8 for working gas and pumping output 9, 
has a parallelepiped shape. At the lower wall of 

10 chamber 1 and parallel with it, is provided an 
insulated anode 3, a quadrangular plate made of 
conductive material. Cathode 2 is placed parallel 
with one vertical wall of chamber 1 and has a 
rectangular shape. Opposite cathode 2, and parallel 

75 with it, is a flat holder 4 of substrates 5. Cathode 
voltage source 6, U K . and substrates voltage source 
7, Us, are provided outside chamber 1. Sources of 
the multipolar magnetic holding field are formed by 
permanent magnets 10 which are partly attached 

20 around the holding space on a perforated magnet 
carrier 24, connected electrically with anode 3, and 
assembled in groups 25, 26, 30, accommodated in 
planes parallel with the plane of cathode 2. In these 
groups 25, 26, 30, all magnets are oriented either 

26 toward the chamber or in the opposite direction, 
while adjacent groups 25, 26 are oriented opposite 
one another. 

Permanent magnets are further placed behind 
cathode 2 in two groups 27, 28. The first group 27 

30 has a rectangular base and is placed behind the 
middle part of cathode 2 and the second group 28 
is placed behind the perimeter of cathode 2. The 
orientations of magnets in both groups 27, 28 are 
mutually opposite, and lines of force 29 of the 

35 magnetic field in the second group of magnets 28 
are connected with the lines of force in the nearest 
group 30 of magnets placed on magnet carrier 24. 
The device is further equipped with movable anode 
extension piece 31 , which is electrically connected 

40 to anode 3. Extension piece 31 consists of a rec- 
tangular frame 32, with dimensions greater than the 
dimensions of cathode 2, and of pistons 33, which 
pass through the wall of chamber 1 behind cathode 
2. It is possible to displace extension piece 31 by 

45 aid of pistons 33 across lines of force 29 of the 
magnetic field around cathode 2 into various posi- 
tions, keeping the plane of frame 32 parallel with 
the plane of cathode 2. Because of its construction, 
frame 32 can be behind, before, or even with the 

ao plane of cathode 2. For clarity, similar elements are 
not shown in Fig. 2, in contrast to Fig. 1. Means for 
cooling anode extension piece 31, anode 3, and 
magnet carrier 24 are not shown here. 

The device in accordance with Fig. 2 functions 

55 analogously to the device shown in Fig. 1. How- 
ever, the magnetic holding field in Fig. 2 is fixed by 
the layout of permanent magnets 10 used for for- 
ming magnet field 14, 29 above cathode. Control of 
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the plasma's holding degree in the holding field 
can be carried out in this device by movement of 
anode extension piece 31 across the boundary of 
the holding space around cathode 2, which would 
also cross lines of force 29. The highest degree of 
plasma holding is attained by shifting extension 
piece 31 out from the holding space and placing it 
behind the plane of cathode 2. Insertion of exten- 
sion piece 31 toward the holding space, i.e., into 
regions of lower magnetic induction causes more 
electrons and ions from the holding space to im- 
pinge on anode extension piece 31, where they 
recombine, resulting in increased plasma density in 
the whole holding space, and thus also increasing 
the plasma density around substrates 5. In such 
manner, it is possible to regulate the intensity of 
the bombardment of substrates 5 by particles from 
the plasma, and thereby regulate the properties of 
growing layers. Movement of anode extension 
piece 31, in effect, changes the anode's position 
with respect to the magnetic field. 

It is possible to affect characteristics of the 
charged particles, such as their number and en- 
ergy, which bombard the substrates, by holding the 
substrates' surface at a chosen potential. It is pos- 
sible to use source 7 of either direct-current or 
high-frequency voltage U s for biasing conducting 
substrates and conducting layers. It is necessary to 
use a source 7 of high-frequency voltage U s in the 
case of nonconducting substrates and/or noncon- 
ducting layers. However, if source U s is discon- 
nected, substrates with growing layers are at float- 
ing potential and because of the difference be- 
tween the plasma potential and the floating poten- 
tial, growing layers are bombarded by accelerated 
positive ions and, at the same time, by electrons in 
the same quantity. It is possible to affect the mag- 
nitude of the floating potential and plasma density, 
which defines the flux density of bombarding par- 
ticles, firstly by the degree of plasma holding, e.g. 
by movement of anode extension piece 31 , by the 
magnitude of the gas pressure, and, if need be, by 
regulating the power of the sputtering discharge by 
changing the distance between the substrate hold- 
ers and cathode 2. This method which uses the 
floating potential of the substrates, has first and 
foremost the advantage that it is equally suitable 
for nonconducting and conducting substrates and 
for conducting and nonconducting layers. 

Figs. 3A and 3B represent devices equipped 
with four cathodes and auxiliary electrodes. Cham- 
ber 1 of the device has the shape of an octagon 
with a vertical axis, is made of nonmagnetic con- 
ducting material, such as nonmagnetic stainless 
steel, and also serves as anode 3. Along the axis of 
chamber 1 there is accommodated from below a 
circular holder 4 of substrates 5, which can rotate 
by means of motor 34, placed under the chamber's 



bottom. A resistor 35 is connected between sub- 
strate holder 4 and chamber 1, resistor 35 being 
adjustable from zero to infinite resistance. In the 
four vertical walls of chamber 1, four rectangular 
s cathode assemblies 37 at 90 degree intervals are 
fixed by flanges 36. Each cathode assembly 37 
consists of rectangular cathode 2, magnetically 
conducting rear plate 38 and permanent magnets 
10, arranged in two groups 27, 28, the first of 

70 which, group 27, is placed behind the cathode's 
center and the second, group 28. behind its cir- 
cumference, by analogy with a device in accor- 
dance with Fig. 2. Besides the magnets in cathode 
assemblies 37, sources of the multipolar magnetic 

rs holding field are permanent magnets 10, placed 
outside chamber 1, in nearly regular fashion on 
chamber 1 , in groups forming vertical rows of simi- 
larly oriented magnets and oriented oppositely with 
respect to adjacent rows. Magnets 10 are accom- 

20 modated on the exterior wall bases of chamber 1 
and oriented in a checkered arrangement The 
magnetic field of the magnets at the chamber 
edges is connected with the magnetic field at the 
chamber's bases. At the same time, the positions 

25 39 on the inner chamber wall around cathode 2, 
where in the case of a regular arrangement of 
magnets 10 there should be placed magnets equal- 
ly oriented with respect to the second group 28 of 
magnets behind the cathode 2, are left vacant The 

30 device is further equipped with eight auxiliary elec- 
trodes 40, the surfaces of which are advantageous- 
ly formed of material of cathode 2. These auxiliary 
electrodes 40 pass through holding space parallel 
with the axis of chamber 1, while two are always 

35 placed near one cathode 2, at opposite edges of 
each cathode 2. All electrodes 40 are insulatingly 
led out through the base of chamber 1 to source 
41 of voltage U El placed outside the chamber, 
which supplies direct-current voltage, e.g. in range 

40 -200 to 200 V with respect to chamber 1. For 
clarity Fig. 3 does not show similar elements as do 
Figs. 1 and 2. For use at higher power, it is 
necessary to provide cooling of auxiliary electrodes 
40, which are also not shown in Fig. 3. 

4s A function of a device in accordance with Fig. 

3 can be analogized to the function of devices 
according to Figs. 1 and 2. However, in a device in 
accordance with Fig. 3, the substrates can rotate 
on holder 4 by means of motor 34. At the same 

so time, four cathodes are sputtered so that layers on 
substrates grow from all sides simultaneously. The 
holder 4 of substrates 5 is electrically connected 
across anode 3 via resistor 35. With R having 
infinite resistance, substrates are held at floating 

55 potential; with R having zero resistance, holder 4 is 
held at the anode's potential. The resistance of 
resistor 35 can consequently change the sub- 
strates' bias and the current that flows onto them. 
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The degree of plasma holding in the holding space 
is affected by the polarity and magnitude of U E on 
auxiliary electrodes 40. A sufficiently high negative 
voltage with respect to anode 3, e.g. in the range 
from -20 to -200 V, or higher if need be, is fed to 
electrodes 40. Electrons from the plasma are re- 
pelled by the negative bias of auxiliary electrodes 
40 and the degree of plasma holding is high. By 
changing the voltage U E on electrodes 40 gradually 
to a positive voltage, e.g. from value of -20 V to a 
value of +50 V, electrodes 40 act as anodes, i.e. 
plasma on electrodes 40 recombines and the de- 
gree of plasma holding in holding space is thereby 
reduced. Therefore, the plasma's density around 
the substrates is reduced and consequently it is 
possible to affect the quantity of charged particles 
impinging on substrates. 

An important advantage of the device in accor- 
dance with Fig. 3 is that uniform rate of layer 
coating on substrates is attained practically from all 
directions due to the regular layout of large-size 
cathodes 2 around substrates 5 and due to rotation 
of holder 4. This, together with the plasma's ho- 
mogeneity around the substrates, guaranteed by 
the multipolar magnetic plasma holding, allows for 
the creation of homogeneously coated layers on all 
substrate surfaces. This advantage is very impor- 
tant, especially for layers whose properties strongly 
depend on deposition rate, energy and density of 
impinging particles, such as titanium nitride layers 
needing specific stress and of crystallite orientation 
characteristics. 

Fig. 4A is a graph of the l s (ionization current) 
vs. b characteristic 42a,b in a device according to 
Fig. 1 with substrate bias Us = - 100 V. Fig. 4B is 
a graph of the U fl (substrate floating potential) vs. fe 
characteristic 43a,b with current l s = 0 A. Fig. 4C 
is a graph of the U vs. I2 characteristic 44a,b. The 
following parameters were held constant during the 
measurement of characteristics 42a,b; 43a,b; and 
44a, b: cathode-substrate separation = 200 mm, 
argon gas pressure (pr) = 0.1 Pa, cathode voltage 
(Uk) = -600 V, cathode current (Ik) = 1 A. 

Fig. 5 shows the l 5 vs. pr characteristic 45 in a 
device according to Fig. 1, with the substrate volt- 
age U s = -100 V. It also shows U fl vs. pr char- 
acteristic 46, with is = 0 A. Both characteristics 45, 
46 were measured with the same constant param- 
eters: cathode-substrate separation (d) = 200 mm, 
cathode voltage (Uk) = -600 V, cathode current (Ik) 
= 1 A and second coil 17 current (b) = + 10 A. 

In Fig. 4, the illustrated characteristics show 
how it is possible to control the energy and density 
of particles impinging on substrates 5 in a device 
according to Fig. 1 , by means of varying the mul- 
tipolar magnetic holding field's shape and intensity. 
If current fe is positive and greater than +2.5 A, 
shown by interval A in Fig. 4, lines of force 14 



emanating from the edge of cathode 2 extend into 
the holding space as shown in Fig. 1, and these 
lines of force are repelled by the field of doubled 
magnets 11. If the polarity of current k is negative 

s or positive but lower than + 1 A, shown by interval 
C in Fig. 4, the lines of force 14 at the edge of 
cathode 2 flow in the other direction, i.e. from the 
holding space into cathode 2. In this interval, the 
lines of force from doubled magnets 11 are con- 

10 nected with the lines of force directed from the 
edge of cathode 2. In interval B, where current fe 
ranges from + 1 A to + 2.5 A, the field between the 
edge of cathode 2 and doubled magnets 1 1 is very 
low, lower than about 10 mT. The multipolar mag- 

75 netic holding field is consequently damaged and 
the plasma's holding is not only weak, but even 
under low pressure, e.g. 0.1 Pa, glow discharge 
does not occur at all, for any arbitrary magnitude of 
current h into the first coil 15. A stable discharge 

20 under low pressure, e.g. lower than 0.2 Pa, requires 
consequently that the multipolar magnetic holding 
field be connected with the cathode's field, either 
parallel as in interval A or antiparalle! as in interval 
C in Fig. 4. 

25 Curves 42a and 42b show that, in both intervals 

A and C, it is possible to control the flux density of 
ions bombarding the substrates with constant volt- 
age U s on substrates, e.g. -100 V. Curves 43a and 
43b show that even with zero overall ionization 

30 current, Is, it is possible to control the floating 
potential of the substrates U fl , in both intervals A 
and C. Curves 44a and 44b illustrate that using 
current h of first coil 15, it is possible to hold the 
discharge voltage and current at constant values, 

35 even though the current b is widely varying. These 
curves 44a,b show also that it is necessary for the 
magnetic fields of coils 15, 17 to oppose each 
other, regardless of the polarity of current fe. 

Curves 44a and 44b are not symmetric with 

40 respect to zero current b. because magnets 11 are 
doubled and, consequently, even with k = OA, the 
magnetic multipolar holding field is closed by lines 
of force radiating from magnets 1 1 to cathode 2. 
The characteristics illustrated in Fig. 5 show 

45 the possibility of controlling the quantity and en- 
ergy of particles which impinge on substrates in 
the device according to Fig. 1 by means of chang- 
ing the total pressure, pr- Curve 45, the l s - 
(ionization current) vs. pr characteristic, shows that 

50 high ionization currents (Is) containing 20 to 50% of 
the cathode current (Ik) can be extracted on sub- 
strates 200 mm from cathode 2, with a voltage U s 
of only -100 V, over a wide pressure range, at least 
from 0.04 to 5 Pa. The total pressure, pr. also 

55 affects the floating potential of the substrates, U fl , 
within a typical range of -5 to -46 V, as shown in 
curve 46. Stable discharge was observed down to 
a pressure of 2x1 0~ 2 Pa. 
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Examples 

The method of layer sputtering in accordance 
with the invention is explained below with reference 
to examples of titanium nitride layers formed in a 
device represented in Fig. 1 . 

Example 1 

Substrates 5 made of high-speed steel placed 
on holder 4 were heated to a temperature of 
500 *C at a pressure lower than 10~ 2 Pa. Voltage 
U 5 = - 600 V was applied to substrates 5 for 120 
sec and a voltage U K = -500 V was applied to 
cathode 2 at an argon pressure of 0.09 Pa for ion- 
cleaning the substrates and the cathode. Next, 
titanium nitride layers were sputtered for 90 min- 
utes in a mixture of argon and nitrogen at a total 
pressure of 0.09 Pa with a cathode voltage U K = - 
600 V and cathode current l K = 5 A. Substrates 5 
were placed at a distance 200 mm from cathode 2 
and a bias Us = 100 V was applied to them. With 
coil 15 current li = 0.9 A and coil 17 current k = 
4 A, the substrates were bombarded during growth 
of layers largely by ions from the plasma with total 
current l s = 610 mA. 

A layer prepared as described above had a 
thickness of 3.2 urn and Vickers microhardness of 
HV = 2,590 ± 90 kg/mm 2 , which shows a compact 
microstructure of the layer as well as a bright gold 
color. 

Titanium nitride layers prepared by conven- 
tional magnetron sputtering without the action of a 
multipolar magnetic holding field where the dis- 
tance of the substrates from the cathode is 150 
mm, at a total pressure of 5 Pa are red, porous and 
have microhardness of only HV = 214 kg/mm 2 , 
which is due to the plasma's low density with 
respect to the substrates and to a low ionization 
current of l s = 20 mA at the same bias U s = -100 
V. 

X-ray analysis of titanium nitride layers pre- 
pared by the method according to the present 
invention under the above-mentioned particular 
conditions gives the following values of the lattice 
parameters defined by the (111) planes parallel to 
the surface of the sample: am = 0.4299 nm, from 
planes (200): 8200 = 0.4258 nm; half-width of lines 
0111 = 0.46\ 02oo = 0.56*. 0222 = 1.0*; micro- 
stress e = (7.3 ± 1.1) x 10~ 3 and macrostress 5 = 
6.4 GPa. The texture of the coated layer is thick on 
the (111) plane parallel to the sample's surface. All 
these values are very near to values attained with 
titanium nitride layers coated by arc evaporating or 
low-voltage electron beam evaporating under simi- 
lar coating conditions. Except for texture, they are 
also near the values attained during conventional 
magnetron coating with substantially shorter cath- 



ode-substrate separation, typically 50 mm. 
Example 2 

5 Titanium nitride layers were prepared in the 

same process as in Example 1, except that the 
bias on the substrates was Us = -50 V, with 
texture (220). while other physical properties of 
layers did not change considerably in comparison 

10 with Example 1. 

Example 3 

Titanium nitride layers were prepared by the 

rs same process as in Example 1, but with source U s 
disconnected and with floating potential U fl = 31 V 
with respect to anode 3. The layers had thickness 
5.5 urn after a deposition time of 120 min and had 
a microhardness of HV = 2,070 ± 80 kg/mm 2 , so 

20 that they too are compact X-ray analysis gives the 
following results: am = 0.4255 nm, a2oo = 
0.4243 nm; 0m = 0.23 0 2O o = 027 \ fiz 2 2 = 
0.51'; e = (4.0 + 0.5) x lO" 3 , 5 = 2.9 GPa. 
Layers had reduced texture (111) + (200), while 

25 relation of corrected reflection intensities boo/lm 
= 1. These properties are unusual compared with 
titanium nitride coated by other physical methods 
including conventional sputtering and they show 
low stresses in the layers and low crystal lattice 

30 damage with regard to low energy of bombarding 
ions and simultaneous bombardment by electrons 
with sufficient current density. In combination with 
sufficiently high microhardness, these layers have 
high adhesion to pads and very useful properties 

35 when applied to cutting tools. 

Example 4 

Example 4 describes control of layer texture by 

40 controlling the magnitude of the floating potential, 
Lin. The same process was used as in Example 3, 
but with current b = 10A and I1 = 2A, the floating 
potential of substrates, U fli was increased to -45V 
and the coated layer had a preferred orientation of 

45 (111) with relation boo/lm — 0.2. Bias reduction of 
Lin to -24V was attained by changing currents fe to 
3.8A and I1 to 1.6A and changing the preferred 
orientation to (200) with relation I200/I111 — 5. Other 
layer parameters, such as microhardness, stress 

50 and grid parameters did not change substantially. It 
is expected that layers with controlled texture are 
important for optimally coating cutting tools, having 
a wide variety of applications. 

The method in accordance with the invention 

55 can also be used for forming titanium nitride deco- 
rative gold layers on nonconducting substrates 
such as glass or porcelain with the process de- 
scribed in Example 1 modified according to Exam- 
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pies 3 and 4 and with the omission of ion-cleaning. 
Instead of ion-cleaning, it is alternatively possible to 
perform a sputtering of a titanium layer from 10 to 
200 nm thick in an atmosphere of argon without 
nitrogen for increased layer adhesion. It is possible 
to advantageously use for this purpose a device in 
accordance with Fig. 3 where it is possible to coat 
layers from all directions uniformly at the same 
time. 

The present invention can be modified in sev- 
eral ways. For example, various types and sizes of 
substrates can be used depending on what ma- 
terial is used as the coated layer and what prop- 
erties are desired of the layers. It is also possible 
to use a number of cathode shapes, such as flat, 
cylindrical, hollow, conical, etc. Further, it is possi- 
ble to combine various means for controlling the 
degree of plasma holding, such as changing the 
magnetic field, using auxiliary electrodes of various 
shapes and types, and using sliding extension 
pieces, connected to the anode or an external 
voltage source. It is also possible to combine all 
these elements with various means for voltage con- 
trol on substrates. 

In addition, it is possible to accommodate mag- 
nets for forming multipolar magnetic field in various 
modes, such as orienting magnets off the normal to 
the chamber's wall, but parallel with it An impor- 
tant modification is selection of the magnets' ori- 
entation at the cathode's edge with regard to en- 
closing magnets in the chamber. This orientation 
can be both parallel and antiparallel, while the 
contained plasma has in both cases various param- 
eters, as shown in Fig. 4, curves 42a and 42b, 43a 
and 43b. 

Claims 

1. A method of layer sputtering on substrates 
with particles sputtered from an electrode sur- 
face during glow discharge in a gas or gas 
mixture under reduced pressure held in a 
vacuum chamber containing said substrates, a 
closed tunnel of magnetic field lines being 
formed above said electrode, said chamber 
including means for defining a plasma holding 
space with the aid of a magnetic field, the 
holding space being bounded by means for 
forming multipolar magnetic field lines, the 
vacuum chamber walls being arranged outside 
the holding space and separated from the 
holding space by said magnetic field lines, 
characterized by the fact that 

- the substrates are arranged within the 
holding space, 

- the electrode forms a cathode above 
which a closed tunnel of magnetron-type 
magnetic field lines is formed, 



- said magnetic field lines separate the 
holding space from an anode being ar- 
ranged outside the holding space, 

- a plurality of cathodes is arranged ar- 
5 ound the holding space, having sputter- 
ing surfaces with a closed tunnel of mag- 
netron-type magnetic field lines above, 
each closed tunnel forming part of and 
being connected with the magnetic field 

10 bounding the holding space, 

- the direction of the magnetic field al- 
ternates along the boundary of the hold- 
ing space from positive polarity to nega- 
tive polarity and vice versa, 

75 - moving from the edge of the holding 

space to the centre thereof, the magnetic 
field intensity drops, and 

- the interaction of the magnetic field and 
the plasma during the glow discharge 

20 between the cathodes and the anode 

causing the plasma to be held within the 
holding space so that the substrates and 
layers growing thereon are bombarded 
by particles in the plasma. 

25 

2. Method in accordance with claim 1 , 
characterized by the fact that 

the degree of holding of the plasma in the 
holding space is controlled by changing the 

30 intensity and/or form of the holding magnetic 

multipolar field with regard to the anode and/or 
with regard to the chamber walls and/or with 
regard to the cathode, which changes the plas- 
ma density around the substrates and the en- 

35 ergy of the plasma's charged particles. 

a Method in accordance with claim 1 , 
characterized by the fact that 

the degree of holding of the plasma in the 
40 holding space is affected by the polarity and 

intensity of the potential difference between 
the anode and an auxiliary electrode passing 
through the holding space. 

45 4. Method in accordance with claim 1 , 
characterized by the fact that 

the surfaces of the substrates and/or layers 
growing on the substrates is held at a selected 
potential with regard to the anode potential. 

50 

5. Method in accordance with claim 1 , 
characterized by the fact that 

the substrates and/or growing layers are 
charged at a floating potential and, owing to 
55 difference between the plasma potential and 

the floating potential, they are bombarded by 
charged particles, the energy and density of 
which are controlled by the holding degree of 
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the plasma, the gas pressure and sputtering 
discharge output 

6. Device for carrying out layer sputtering onto 
substrates in a vacuum, said device including s 
a vacuum chamber (1) in which a sputtering 
source electrode (37) and a substrate holder 

(4) are placed, the vacuum chamber having a 
wall with a working gas inlet and a vacuum 
pumping outlet, and an externally located volt- 10 
age source coupled to the electrode, and a 
plurality of magnetic field sources (10) is ar- 
ranged to produce a multipolar magnetic field 
which forms a plasma containing holding 
space. 75 
characterized by the fact that 

- the holding space contains the substrates 
(5), 

- the electrode (37) forms a cathode (2) 
above which a closed tunnel of mag- 20 
netron-type magnetic field lines is 
formed, 

- an anode (3) is arranged outside the 
holding space and separated from the 
holding space by said magnetic field 25 
lines, 

- a plurality of cathodes (2) is arranged 
around the holding space, having sputter- 
ing surfaces with magnetic field sources 

(10) located behind those surfaces, the 30 
magnetic field sources (10) producing a 
closed tunnel of magnetron-type mag- 
netic field lines above the surfaces, each 
closed tunnel of magnetron-type mag- 
netic field lines forming part of the mag- 35 
netic field bounding the holding space, 
whereby, moving from the edge of the 
holding space to the centre thereof, the 
magnetic field intensity drops. 

40 

7. Device according to claim 6, 
characterized by the fact, 

that groups (22) of said magnetic field sources 
(10) have like poles extending in one direction 
and alternate with adjacent groups (23) of 45 
magnetic field sources (10) that have like poles 
extending in the opposite direction. 

& Device according to claims 6 or 7, 

characterized by the fact, so 

that at least some of said cathodes (2) have 
mutually facing sputtering surfaces. 

9. Device according to claim 8, 

characterized by the fact 55 

that the closed tunnels of magnetron-type 
magnetic field lines of opposing cathodes (2) 
have the same magnetic field polarisation. 



10- Device according to any of the claims 8 or 9, 
characterized by the fact 
that four cathodes (2) are arranged around the 
holding space. 

11. Device according to any of the claims 6 to 10, 
characterized by the fact that 

the magnetic field sources (10, 11, 12, 15, 17, 
27, 28) are placed inside the chamber (1) 
and/or in the wall of the chamber (1) and/or 
outside the chamber (1) and/or behind the 
cathode(s) (2), whilst groups (27. 28) of said 
magnetic field sources placed behind cathode 
(2) are arranged in concentric closed curves 
for forming at least one closed tunnel (14) of 
magnetic field lines above the cathode's (2) 
surface. 

12. Device according to any of the claims 6 to 1 1, 
characterized by the fact that 

a source (7) of direct-current or high-frequency 
voltage U s is connected between the substrate 
holder (4) and the anode (3). 

13. Device according to any of the claims 6 to 12, 
characterized by the fact that 

it includes a sliding anode extension piece (31) 
made of conductive material, which is elec- 
trically connected across the anode. 

14. Device according to any of the claims 6 to 13, 
characterized by the fact that 

in the holding space there is accommodated at 
least one auxiliary electrode (40), and outside 
the chamber there is placed a direct-current 
voltage source U E (41),attaehed with one pole 
across the auxiliary electrode 840) and with the 
other pole across the anode (3). 

PatentansprUche 

1- Bn Verfahren zum Sputtem von Schichten auf 
Substraten mit Teilchen, die gesputtert werden 
von einer Elektrodenoberflache wahrend einer 
Glimmentladung in einem Gas Oder einer Gas- 
mischung urrter reduziertem Druck, der in einer 
die Substrate enthaltenden Vakuumkammer 
herrscht, wobei ein geschlossener Tunnel von 
Magnetfeldlinien Qber der Eiektrode gebildet 
wird, die Kammer Mittel zum Definieren eines 
Plasmahalteraumes mrt HiHe eines Magnetfel- 
des umfaflt, der Halteraum durch Mittel zum 
Bilden multipolarer Magnetfeldlinien begrenzt 
ist und die Vakuumkammerwande auSerhalb 
des Halteraumes angeordnet und von dem 
Halteraum durch die Magnetfeldlinien getrennt 
sind, 

dadurch gekennzelchnet, daft 
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- die Substrate innerhalb des Hatteraumes 
angeordnet werden, 

- die Eiektrode eine Kathode bildet, Qber 
der ein geschlossener Tunnel von Ma- 
gnetfeldlinien vom Magnetrorrtyp gebildet 5 
wird, 

- die Magnetfeldlinien den Hatteraum von 
einer Anode trennen, die auSerhalb des 
Hatteraumes angeordnet ist, 

- eine Vielzahl von Kathoden um den Hal- w 
teraum herum angeordnet wird, welche 
Sputteroberflachen mit einem geschlos- 
senen Tunnel von Magnetfeldlinien vom 
Magnetrontyp darQber aufweisen, wobei 
jeder geschlossene Tunnel einen Teil rs 
des den Hatteraum begrenzenden Ma- 
gnetfeldes bildet und mit diesem gekop- 

peht ist, 

- die Richtung des Magnetfeldes entlang 

der Grenze des Hatteraumes von positi- to 
ver Polarrtat zu negativer PolarrtMt und 
umgekehrt alterniert, 

- die Magnetfeldintensitat vom Rand des 
Hatteraumes zu dessen Zentrum abfallt, 

und 25 

- die Wechselwirkung des Magnetfeldes 
und des Plasmas wahrend der Glim- 
mentladung zwischen den Kathoden und 
der Anode bewirkt, daB das Plasma in- 
nerhalb des Hatteraumes gehalten wird, 30 
so daB die Substrate und die darauf 
wachsenden Schichten mit Teilchen in 
dem Plasma beschossen werden. 

2. Verfahren nach Anspruch 1 , as 
dadurch gekennzeichnet, 
daB der Grad des Hattens des Plasmas im 
Hatteraum durch Andern der Intensitat 
und/oder der Form des hattenden magneti- 
schen multipolaren Feldes bezUglich der Ano- 40 
de und/oder bezQglich der Kammerwande 
und/oder bezUglich der Kathode gesteuert 
wird, wodurch die Plasmadichte um die Sub- 
strate herum und die Energie der geladenen 
Teilchen des Plasmas geandert werden. 45 

& Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 
daB der Grad des Hattens des Plasmas im 
Hatteraum von der Polaritat und der Intensitat so 
der Potentialdifferenz zwischen der Anode und 
einer Hilfselektrode beeinfluBt wird, die durch 
den Hatteraum verlauft. 

4. Verfahren nach Anspruch 1, 55 
dadurch gekennzeichnet, 
daB die Oberflachen der Substrate und/oder 
der auf den Substraten wachsenden Schichten 



auf einem ausgewahtten Potential bezQglich 
des Anodenpotentials gehalten werden. 

5. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB die Substrate und/oder wachsenden 
Schichten auf ein schwebendes Potential gela- 
den und aufgrund einer Differenz zwischen 
dem Plasmapotential und dem schwebenden 
Potential mit geladenen Teilchen beschossen 
werden, deren Energie und Dichte durch den 
Haltegrad des Plasmas, den Gasdruck und den 
Ausgang der Sputterentladung gesteuert wer- 
den. 

6. Vorrichtung zum AusfUhren des Sputterns von 
Schichten auf Substrate in einem Vakuum, wo- 
bei die Vorrichtung eine Vakuumkammer (1) 
aufweist, in der eine Sputterquellenelektrode 
(37) und ein Substrathatter (4) angeordnet sind, 
die Vakuumkammer eine Wand mit einem Ar- 
beitsgaseinlaB und einem VakuumpumpauslaB 
und eine extern angeordnete Spannungsquelle 
aufweist, die an die Eiektrode gekoppett 1st, 
und eine Vielzahl von Magnetfeidquellen (10) 
angeordnet ist, um ein multipolars Magnetfeld 
zu erzeugen, das einen Plasma enthaltenden 
Halteraum bildet, 

dadurch gekennzeichnet, daB 

- der Halteraum die Substrate (5) enthalt, 

- die Eiektrode (37) eine Kathode (2) bil- 
det, Qber der ein geschlossener Tunnel 
von Magnetfeldlinien vom Magnetrontyp 
gebildet ist. 

- eine Anode (3) aufierhaJb des Hatterau- 
mes angeordnet und von dem Hatteraum 
durch die Magnetfeldlinien getrennt ist, 

- eine Vielzahl von Kathoden (2) um den 
Halteraum herum angeordnet ist, die 
Sputteroberflachen mit Magnetfeidquel- 
len (10) aufweisen, die hinter diesen 
Oberflachen angeordnet sind, wobei die 
Magnetfeidquellen (10) einen geschlos- 
senen Tunnel von Magnetfeldlinien vom 
Magnetrontyp Qber den Oberflachen er- 
zeugen und jeder geschlossene Tunnel 
von Magnetfeldlinien vom Magnetrontyp 
einen Teil des den Halteraum begrenzen- 
den Magnetfeldes bildet, wodurch die 
Magnetfeldintensitat vom Rand des Hal- 
teraumes zu dessen Zentrum abfallt. 

7. Vorrichtung nach Anspruch 6, 
dadurch gekennzeichnet, 

daB Gruppen (22) der Magnetfeidquellen (10) 
gleiche Pole aufweisen, die sich in der einen 
Richtung erstrecken, und abwechseln mit be- 
nachbarten Gruppen (23) von Magnetfeldquel- 
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len (10), die gleiche Pole aufweisen, die sich in 
der entg egengesetzten Richtung erstrecken. 

a Vorrichtung nach Anspruch 6 oder 7, 

dadurch gekennzeichnet, 5 
dafl wenigstens einige der Kathoden (2) ge- 
genseitig zugewandte SputteroberflSchen auf- 
weisen. 

9. Vorrichtung nach Anspruch 8, 10 
dadurch gekennzeichnet, 

daB die geschlossenen Tunnel von Magnetfeld- 
linien vom Magnetrontyp gegenUberliegender 
Kathoden (2) die gleiche Magnetfeldpolarisa- 
tion aufweisen. 75 

10. Vorrichtung nach einem der AnsprQche 8 Oder 
9. 

dadurch gekennzeichnet, 

daB vier Kathoden (2) urn den Haiteraum her- 20 
urn angeordnet sind. 

11. Vorrichtung nach einem der AnsprUche 6 bis 
10, 

dadurch gekennzeichnet, 25 
daB die Magnetfeldquellen (10, 11. 12, 15, 17. 
27, 28) innerhalb der Kammer (1) und/oder in 
der Wand der Kammer (1) und/oder auBerhalb 
der Kammer (1) und/oder hinter der Katho- 
de/den Kathoden (2) angeordnet sind, wahrend 30 
Gruppen (27, 28) der Magnetfeldquellen, die 
hinter der Kathode (2) angeordnet sind. in kon- 
zentrischen geschlossenen Kurven zur Ausbih 
dung wenigstens eines geschlossenen Tunnels 
(14) von Magnetfeidlinien Uber der Oberflache 35 
der Kathode (2) angeordnet sind. 



12. Vorrichtung nach einem der AnsprUche 6 bis 
11. 

dadurch gekennzeichnet, 
daB eine Quelle (7) einer Gleichstrom- Oder 
Hochfrequenzspannung Us zwischen den Sub- 
strathatter (4) und die Anode (3) geschaltet ist. 
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13. Vorrichtung nach einem der AnsprUche 6 bis 
12. 

dadurch gekennzeichnet. 
daB sie ein GleitanodenerweiterungsstUck (31) 
aus leitfahigem Material umfaBt, das elektrisch 
Ober die Anode geschaltet ist. so 

14. Vorrichtung nach einem der AnsprUche 6 bis 
13. 

dadurch gekennzeichnet. 

daB in dem Haiteraum wenigstens eine Hilfs- 55 
efektrode (40) untergebracht und auBerhalb der 
Kammer eine Gleichstromspannungsquelle U E 
(41) angeordnet ist, die mrt dem einen Pol 



Uber die Hilfselektrode (40) und mit dem ande- 
ren Pol Uber die Anode (3) angebracht ist 

Revendlcatlons 

1. Procede* de pulverisation d'une couche sur des 
substrats avec des particules pulverise es k 
partir d'une surface d'electrode durant une de- 
charge luminescente dans un gaz ou un me- 
lange gazeux sous pression reduite maintenu 
dans une chambre a vide contenant lesdits 
substrats, un tunnel ferme de lignes de champ 
magnfrtique etant form6 au-dessus de ladite 
electrode, ladite chambre comprenant des 
moyens destines k deftnir un espace de main- 
tien d'un plasma k I'aide d'un champ magneti- 
que, I'espace de maintien etant delimits par 
des moyens pour former des lignes de champ 
magnetique multipolaires, les parois de la 
chambre k vide etant agencees en dehors de 
I'espace de maintien et etant separees de res- 
pace de maintien par les lignes du champ 
magnetique, 

caracterise par le fart que 

- les substrats sont age nee s a I'interieur 
de I'espace de maintien, 

- I'electrode forme une cathode au-dessus 
de laquelle un tunnel ferme de lignes de 
champ magnetique du type magnetron 
est forme, lesdites lignes de champ ma- 
gnetique se parent I'espace de maintien 
d'une anode agencee a I'extSrieur de 
I'espace de maintien, 

- plusieurs cathodes sont agencees autour 
de I'espace de maintien. presentant des 
surfaces de pulverisation surmorrtees par 
un tunnel ferme constitu£ de lignes de 
champ magnetique du type magnetron, 
chaque tunnel ferme formant une partie 
du champ magnetique delimitant I'espa- 
ce de maintien et etant connecte* a ce 
champ magnetique, 

- le sens du champ magnetique aHeme le 
long de la limrte de I'espace de maintien, 
d'une polarite positive a une polarite ne- 
gative et vice versa, 

- en se deplagant k partir du bord de 
I'espace de maintien vers son centre, 
rintensite du champ magnetique chute, 
et 

- rinteraction du champ magnetique et du 
plasma pendant la decharge luminescen- 
te entre les cathodes et I'anode amenant 
le plasma a §tre maintenu dans I'espace 
de maintien afin que les substrats et les 
couches croissant sur lui soient bombar- 
des par des particules dans le plasma. 
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2. Precede selon la revendication 1 , 

caracterise par le fait que 

le degre de maintien du plasma dans res- 
pace de maintien est commande par une varia- 
tion de TintensHe et/ou la forme du champ 
multipolaire magnetique de maintien par rap- 
port & Tanode et/ou par rapport aux parois de 
Ka chambre et/ou par rapport k la cathode, ce 
qui fait varier la densite du plasma autour des 
substrats et renergie des parti cutes chargees 
du plasma. 

& Proced^ selon la revendication 1 , 

caracterise par le fait que 

ie degre de maintien du plasma dans res- 
pace de maintien est affecte par la polarite et 
rintens'rtg de la difference de potentiel entre 
I'anode et une electrode auxiliaire passant & 
travers P espace de maintien. 

4. Proc666 selon la revendication 1 , 

caracterise par le fait que 

les surfaces des substrats et/ou des cou- 
ches croissant sur les substrats sont mainte- 
nues a un potentiel choisi par rapport au po- 
tentiel d'anode. 

5. Precede selon la revendication 1 , 

caracterise par le fait que 

les substrats et/ou les couches croissantes 
sont chargees a un potentiel flottant et, du fait 
de la difference entre le potentiel du plasma et 
le potentiel flottant ils sont bombardes par des 
particules chargees dont renergie et la density 
sont com man dees par le degre de maintien du 
plasma, la pression gazeuse et la puissance 
de decharge de pulverisation. 

6. Dispositif pour executer une pulverisation de 
couches sur des substrats sous vide, ledit dis- 
positif comprenant une chambre a vide (1) 
dans laquelle une electrode (37) de source de 
pulverisation et un support (4) de substrat sont 
places, la chambre a vide ayarrt une paroi 
presentant une entree de gaz de travail et une 
sortie de pom page de vide, et une source de 
tension placee exterieurement et coupl£e & 
I'Slectrode, et plusieurs sources (10) de champ 
magnetique sont agencees pour produire un 
champ magnetique multipolaire qui forme un 
espace de maintien contenant un plasma, 

caracterise par le fait que 

- res pace de maintien contient les subs- 
trats (5), 

- I'electrode (37) forme une cathode (2) 
au-dessus de laquelle un tunnel ferme de 
ligne de champ magnetique du type ma- 
gnetron est forme, 



- une anode (3) est agenc^e k rexterieur 
de Tespace de maintien et est separee 
de r espace de maintien par lesdrtes li- 
gnes de champ magnetique, 

s - plusieurs cathodes (2) sont agencees au- 

tour de Tespace de maintien, ayant des 
surfaces de pulverisation en arriere des- 
quelles se trouvent des sources (10) de 
champ magnetique, les sources (10) de 

10 champ magnetique produisant un tunnel 

ferme de lignes de champ magnetique 
du type magnetron au-dessus des surfa- 
ces, chaque tunnel ferme des lignes de 
champ magnetique du type magnetron 

rs formant une partie du champ magnetique 

delimttant Tespace de maintien, grace a 
quoi, en se deplagant depuis le bord de 
I'espace de maintien vers son centre, 
rintensite du champ magnetique chute. 

20 

7. Dispositif selon la revendication 6, 
caracterise par le fait 

que les groupes (22) desdites sources (10) 
de champ magnetique ont des poles identi- 
25 ques s'etendant dans un sens et altement avec 

des groupes adjacents (23) de source (10) de 
champ magnetique qui ont des poles identi- 
ques s'etendant dans le sens oppose. 

30 a Dispositif selon la revendication 6 ou 7, 
caracterise par le fait 

qu'au moins certaines desdites cathodes 
(2) ont des surfaces de pulverisation mutuelle- 
ment opposees. 

35 

9. Dispositif selon la revendication 8, 

caracterise par le fait que 

que les tunnels fermes des lignes de 
champ magnetique du type magnetron de ca- 
40 thodes opposees (2) ont la m§me polarisation 

de champ magnetique. 

10. Dispositif selon I'une des revendications 8 et 9, 

caracterise par le fait 
45 que quatre cathodes (2) sont agencees 

autour de I'espace de maintien. 

11. Dispositif selon I'une quelconque des revendi- 
cations 6 h 10, 

so caracterise par le fait que 

les sources (10, 12, 15, 17, 27, 28) de 
champ magnetique sont placees a I'interieur 
de la chambre (1) et/ou dans la paroi de la 
chambre (1) et/ou St rexterieur de la chambre 

55 (1) et/ou en arriere de la cathode ou des 

cathodes (2), tandis que des groupes (27, 28) 
desdites sources de champ magnetique pla- 
cees en arri&re de la cathode (2) sont agences 
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en courbes ferm^es concentriques pour former 
au moins un tunnel fem\6 (14) de lignes de 
champ magnetique au-dessus de la surface de 
la cathode (2). 

12. Disposrtif selon I'une quelconque des revendh 
cations 10 k 11, 

caracterise par le fait que 

une source (7) de tension continue ou a 
haute frequence (U s ) est connectee entre le 
support (4) du substrat et I'anode (3). 

13. Disposrtif selon Tune quelconque des revendh 
cations 6 a 12, 

caracterise par le fait que 75 
il comprend une piece d'extension coulis- 
sante (31) d'anode formee d'une matiere 
conductrice, qui est connectee electriquement 
a I'anode. 

20 

14. Disposrtif selon Tune quelconque des revendh 
cations 6 a 13, 

caracterise par le fait que 

I'espace de mairrtien loge au moins une 
electrode auxiliaire (40), et une source U E (41) 25 
de tension continue est placee a I'exterieur de 
la chambre, et est reliee par un pole a I'elec- 
trode auxiliaire (40) et par I'autre pole a I'ano- 
de (3). 

30 
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